Nitric oxide (NO) is an essential regulatory molecule in several developmental processes and in the stress response in both animal and plant systems. Furthermore, key features of plant resistance to pathogens have been shown to depend on NO production, e.g., defense gene expression and the activation of a hypersensitive reaction (HR) in synergy with reactive oxygen species (ROS). Due to the many possible mechanisms of NO action, a clear picture of its involvement in plant resistance to pathogens is far from being achieved. Transcriptional changes related to NO action are likely to play a significant role in resistance and cell death. We investigated the changes in the expression profiles of Arabidopsis thaliana following infiltration with the NO donor sodium nitroprusside, by cDNA-amplification fragment length polymorphism (AFLP) transcript profiling. Altered expression patterns were detected for 120 of the approximately 2,500 cDNAs examined. Sequence analysis revealed homologies with genes involved in signal transduction, disease resistance and stress response, photosynthesis, cellular transport, and basic metabolism or with sequences coding for unknown proteins. Comparison of the expression profiles with data from public microarray sources revealed that many of the identified genes modulated by NO were previously reported to be modulated in disease-related experiments.
triggered by a variety of pathogens and, to different extents, can contribute to effective resistance. Many examples have been well characterized in which the HR exhibits the features of programmed cell death (PCD) and has some aspects in common with animal apoptosis (Lam et al. 2001) . Despite much research effort, the role of cell death in resistance is not yet completely clear; several examples in which resistance and cell death can be uncoupled (Bendahmane et al. 1999; Clough et al. 2000) or in which cell death does not seem to contribute to restriction of pathogen growth (Heath 2000) have been documented.
The molecular mechanisms associated with HR have been thoroughly investigated. The earliest observed events are variations in cytosolic calcium levels, protein phosphorylation/ dephosphorylation, activation of preexisting enzymes, and accumulation of reactive oxygen species (ROS) (Ebel and Mithöfer 1998) . A strong biphasic production of ROS characterizes incompatible plant-pathogen interactions and has been shown to play multiple roles in plant defense (Lamb and Dixon 1997) . ROS may be directly involved in pathogen killing and strengthening of plant cell walls, as well as in triggering hypersensitive cell death and in production of systemic resistance signals (Alvarez et al. 1998) . For these reasons, ROS production has been considered a central event in activation of disease resistance. However, the precise role of ROS is still controversial, as an oxidative burst appears insufficient to trigger hypersensitive cell death (Glazener et al. 1996) .
Nitric oxide (NO) has been identified as an essential molecule that mediates hypersensitive cell death and defense gene activation in plants (Delledonne et al. 1998; Durner et al. 1998) . In animal cells, NO plays a fundamental role in cellular redox homeostasis in cooperation with ROS with consequences on a number of diverse physiological processes, including regulation of the immune and inflammatory response, apoptosis, and macrophage killing of bacteria (Schmidt and Walter 1994; Stamler et al. 1992) . Recent findings indicate that NO determines cell death in cooperation with ROS, depending on the specific equilibrium between ROS and NO concentrations (Delledonne et al. 2001) . Expression levels of the defense related genes phenylalanine ammonia lyase (PAL) and pathogenesis related protein PR-1 also rise following administration of NO donors or expression of recombinant NO-synthase in tobacco. These two genes are not inducible by H 2 O 2 alone (Levine et al. 1994 ), indicating that NO and H 2 O 2 have complementary functions in the activation of transcription dependent defenses. Finally, it has also been suggested that nitrosoglutathione could act as a long-distance phloematic signal in systemic acquired resistance (SAR) (Buonaurio et al. 2002; Durner and Klessig 1999) , and recent data indicate that NO is required for the full function of salicylic acid (SA) as a SAR inducer (Song and Goodman 2001) . NO signaling often operates in mammalian cells through cGMP-and cADPR-dependent pathways (Arnold et al. 1977; Wendehenne et al. 2001) , and similar mechanisms are also active in plant disease resistance (Hausladen and Stamler 1998; Klessig et al. 2000) . However, NO can also act on many other potential targets in the cell, directly or indirectly. This is especially true for metal-and thiol-containing proteins and enzymes, such as catalases and peroxidases (Clark et al. 2000) , aconitase , guanylate cyclase (Arnold et al. 1977) , the salicylicinduced protein kinase , receptors, and transcription factors. Given the essential role of NO in resistance and hypersensitivity, it is likely that this highly reactive and diffusible molecule affects the transcription of a battery of genes related to defense. An important role for NO in regulating gene transcription has already been suggested by research in the medical field (Marshall et al. 2000; PinedaMolina et al. 2001 ) and might be extended to several different transcription factors.
To date, an extensive survey of the transcriptional changes induced by NO in plants has not been reported. The cDNAamplification fragment length polymorphism (AFLP) is a wellestablished, gel-based technique that allows comparison of gene expression profiles and can identify novel genes without previous sequence information (Bachem et al. 1996; Breyne and Zabeau 2001) . In the present report, we use cDNA-AFLP transcription profile analysis (Breyne et al. 2002) to identify genes that are differentially expressed following exogenous application of a NO donor.
RESULTS

Induction of hypersensitive cell death by treatment with the NO donor sodium nitroprusside (SNP).
It has been shown previously that during the HR, NO cooperates with H 2 O 2 to induce cell death from otherwise sublethal amounts of H 2 O 2 (Delledonne et al. 2002) . Therefore, NO donors trigger hypersensitive cell death when infiltrated in leaves exposed to high light in order to maintain a sufficient level of reactive oxygen intermediates (Belenghi et al. 2003) . In the experimental conditions adopted, treatment with 1 mM SNP caused a visible tissue collapse of infiltrated leaves about 24 h after treatment (data not shown). No symptoms were observed in water-infiltrated leaves.
Detection of transcriptional changes following SNP treatment.
Arabidopsis thaliana (Col-0) leaves were infiltrated with 1 mM SNP or with distilled water as a control. RNA was extracted 10 min, 1 h, and 3 h after treatments and was subjected to cDNA-AFLP analysis. The cDNA-AFLP technique we adopted is an improved version of the original method (Bachem et al. 1996) , developed to obtain a single cDNA fragment from each messenger RNA analyzed (Breyne et al. 2002 (Breyne et al. , 2003 . cDNA-AFLP reactions were performed with 32 primer combinations for selective amplification, with one selective base per primer (BstYI-N/MseI-N). A portion of a typical cDNA-AFLP electrophoresis profile is shown in Figure 1 . AFLP fragments ranged from 50 to 450 bp; an average of 60 to 70 bands per lane was detected for each primer combination. Thus, it is estimated that about 2,500 different messenger RNAs have been visualized.
The majority of bands did not show a significant change in intensity in SNP-treated samples as compared with water-infiltrated controls. Figure 2 provides examples of typical patterns of induced ( Fig. 2A and B) , repressed (Fig. 2C) , and nonmodulated (Fig. 2D) genes. Bands in all gels were visually scored and were analyzed further only when a strong increase or decrease in intensity was evident. Such levels of altered expression in response to SNP treatment were observed for 120 fragments. The large majority of transcripts affected by SNP treatment showed accumulation or were induced de novo, while only six transcripts appeared to be negatively modulated. The cDNA-AFLP profiles of all differentially expressed cDNAs are reported (Fig. 3) .
Sequence analysis of isolated cDNA fragments.
Fragments were isolated from the gels and reamplified, using nonlabeled primers that were identical to those employed for selective AFLP. Reamplification products were subjected to single-run, direct sequencing. A total of 71 fragments (69 induced and two repressed) were successfully sequenced and blasted against the The Arabidopsis Information Resource (TAIR) and GenBank databases (Altschul et al. 1997) . Sequence similarity was found for 50 modulated cDNA fragments, while a group of 21 sequences showed homology to uncharacterized coding regions of the Arabidopsis genome. On the basis of sequence homology, differentially expressed cDNAs were grouped in seven categories of putative function (Fig. 3) . The first group of sequences represents 14% of the differentially expressed genes (Fig. 4) and contains genes involved in signal transduction. These include various protein kinases, a protein phosphatase, a NAC-family protein (ATAF2) (Collinge and Boller 2001) , a homologue of the ethylene-in- sensitive ein-3 gene, and a leucine-rich repeat (LRR) protein.
The second group, enzymes and proteins involved in defense response and cell death, is not widely represented among the identified NO-modulated cDNAs (5.6%) and includes the cysteine proteinase RD21, a J-1,3-glucanase-like protein and a cinnamate-4-hydroxylase. The third group (8.5%) contains genes related to removal or production of toxic oxygen species, while the fourth (9.9%) comprises genes involved in photosynthesis and energy transfer. Another two groups of differentially expressed sequences show homology to genes implicated in cellular trafficking (2.8%) and in basic metabolic pathways (29.6%). Previously uncharacterized genes also represent a large proportion (29.6%) of the transcriptional changes detected. One differentially expressed cDNA, namely, the serine/threonine kinase At4g23240, is not represented by any known expressed sequence tag (EST) in the databases.
The same sequences were also clustered ( Fig. 5 ) on the basis of their expression profiles (presence or absence of an evident change in band intensity at each time point), using the on-line cluster software EPCLUSTAL from the European Bioinformatic Institute. A significant proportion of the se- quenced cDNAs showed a rapid transcriptional activation, as 38% increased within 10 min following treatment with SNP. This rapid accumulation was generally not long lasting, as only a small percentage of mRNAs still showed increased levels 1 or 3 h following treatment (5.6 and 1.4%, respectively) (Fig. 5) . Only 8.5% of genes showed an increase in transcript levels at 1 h. For another 14.1%, the increase was detected starting from 1 h and was maintained until the end of the experiment (3 h). For 29.6% of NO-modulated genes, transcript accumulation was detected 3 h after the treatment. Only two of the sequenced cDNAs showed repression in the transcription level (2.8%).
Validation of cDNA-AFLP expression profiles.
The reproducibility of cDNA-AFLP has been extensively assessed (Bachem et al. 1996 (Bachem et al. , 1998 Breyne et al. 2002 Breyne et al. , 2003 Durrant et al. 2000; Milioni et al. 2002; Qin et al. 2000 ; Van der Biezen et al. 2000) . The technique adopted in our experiments (Breyne et al. 2002) , although novel in the fact that it provides nonredundant detection of cDNA fragments, is not dissimilar from the rationale and general procedures of the classic technique (Bachem et al. 1996) . The reproducibility of the technique was also extensively validated at our laboratory, when it was adopted. Moreover, we monitored by reverse transcription-polymerase chain reaction (RT-PCR) analysis the expression pattern of 10 differentially accumulated cDNAs (Fig. 6 ). Although, in some cases, the basal transcription level in water-infiltrated control samples appeared higher than that observed in cDNA-AFLP gels ( Fig. 6B , F, and J), the expression patterns always mirrored the profiles observed in the cDNA-AFLP analysis. These genes were randomly selected from the different categories of modulated cDNAs.
Expression of NO-modulated genes in disease-related conditions.
To determine if any of the NO-modulated genes identified in the present work had been previously reported to be involved in specific disease-related conditions in plants, we monitored the presence and expression of these genes in four microarray sources: the Stanford Microarray Data Base and three published microarray analyses reporting transcriptional changes induced in Arabidopsis by different resistance-related treatments (Desikan et al. 2001; Schenk et al. 2000) or during systemic acquired resistance (Maleck et al. 2000) . We also looked for information in a recent survey (Mahalingam et al. 2003 ) that reported a large collection of 1,058 cDNAs differentially expressed under eight different stress conditions, including pathogen infection.
The Stanford database reports transcriptional changes of about 11,000 EST, with a redundancy of about 25% (Schaffer et al. 2001 ) under a range of many different biological treatments (180 at the time our comparison was made). From the list of the experiments performed, we selected 16 that may provide information about plant response to disease (Table 1) . The experiments included viral, bacterial, and fungal infection, H 2 O 2 or BTH (1,2,3-benzothiodiazole-7-carbothioic acid Smethyl ester) treatments, and analysis of mutants that are either compromised in fundamental steps of the disease response, such as nahG and npr1 mutants, or overexpress resistance factors, such as edr1, cpr5, and cim7. A brief description of the experiments can be found in Table 2 (The Stanford Microarray Database provides more detailed information).
Of the 71 genes modulated by NO, only 37 were present in the Stanford microarray database (Table 1) . For each sequence, the database reports expression levels in the different experiments as the average channel intensity ratio between treated and control samples. When examining in detail the expression of single genes in the different experiments reported, 31 of 37 NO-modulated genes were also found to be positively or negatively affected in one or more experiments related to disease and resistance. The EST most frequently affected in such experiments corresponded to the receptorlike protein kinase At4g04570 (upregulated in five experiments and down-regulated in two). Other EST were also affected by several treatments, namely the fruc- tose 1-6 bisphosphate precursor, the chloroplast psbA gene, and the short-chain alcohol dehydrogenase.
Moreover, 15 of the 16 selected experiments determined transcriptional changes of several genes identified as NOmodulated in our survey. The experiments that affect the higher number of NO-modulated genes are bacterial infection of wild-type Arabidopsis plants (ID number 4940), H 2 O 2 treatment (ID number 9371), and infection of cim7 (ID number 11770) and cpr5 (ID number 11775) mutants with a powdery mildew fungus.
We also searched for additional information about the possible function of these NO-modulated genes by comparing their expression in the microarray analysis by Schenk and associates (2000) . The expression pattern of 2,375 selected genes following infection of A. thaliana with Alternaria brassicicola or following treatment with the defense-related signal molecules SA, methyl-jasmonate (MeJA), or ethylene is detailed in Table 3 . Only eight genes among those found to be modulated by NO are present in the array, all of which are also affected by one or more treatments, mostly by SA and MeJa.
The microarray surveys presented by Maleck and associates (2000) and Desikan and associates (2001) were also considered. Maleck and associates monitored expression changes of about 7,000 nonredundant EST of A. thaliana (25 to 30% of the transcriptome) under 14 different SAR-inducing or -repressing conditions. Among the 413 EST that were affected by SAR-related treatments, only two correspond to genes that we identified as NO-induced, namely an expressed protein (At1g09070) and a chlorophyll a/b binding protein (At2g05070). As the complete list of genes reported in the array is not available, we cannot determine whether the other 69 NO-modulated genes were not affected by SAR or whether they were not represented in the microarray. Desikan and associates (2001) identified 175 nonredundant EST that are regulated by H 2 O 2 . In this case, we could find information on only four NO-induced genes, three of which were also induced by H 2 O 2 (ATAF2 protein, GST6, and the shortchain alcohol dehydrogenase) while the fourth (cysteine proteinase RD21A) was repressed by H 2 O 2 . .
Finally, upon examination of the results obtained by Mahalingam and associates (2003) , we found that 12 NOmodulated genes are also expressed in other stress conditions. Microarray data from the same paper indicates that four NOmodulated genes (glutathione transferase GST 6, E2 ubiquitinconjugating-like enzyme Ahus5, the expressed proteins At1g69390, and At1g09070) are induced in Arabidopsis 5 days postinoculation upon infection with virulent Peronospora parasitica and that the same genes (except Ahus5) are also induced by 1 h of ozone exposure.
Bio-informatic functional survey on NO-modulated genes coding for unknown proteins.
About 30% of all NO-affected transcripts showed homology to sequences coding for presently unclassified proteins. The A. thaliana database at MIPS (Munich Information Center for Protein Sequences) has been consulted to obtain further information on putative protein function. "Automatically derived functional categories" of all 21 sequences are presented in Table 4 . The first 
of the protein to specific cellular compartments and the presence in the sequence of putative transmembrane domains. Interestingly, some of the blast matches obtained correspond to proteins that might be involved in signal transduction, namely a transcription factor, OBF4 from A. thaliana, a hypothetical calcium binding protein, along with a protease and a phosphatase.
DISCUSSION
As derived from in silico analysis of A. thaliana full-length cDNAs, about 65% of all transcripts are cut by the two restriction enzymes used (BstYI and MseI) and are of the proper size for visualization on polyacrylamide gels and can, therefore, be detected by this technique (Breyne et al. 2002) . Choosing BstYI as the rare cutter yields fragments with an average distance from the polyA + tail of 500 bp (Breyne et al. 2002) . The procedure adopted, with 32 primer combinations, allowed us to survey the expression level of about 2,500 different transcripts and to detect differential expression for 120 cDNA fragments. This represents about 5% of the examined transcripts, which suggests that a high proportion of the Arabidopsis transcriptome is influenced by NO treatment. Following purification of excised and reamplified bands, 71 cDNA fragments could be successfully sequenced, while the other fragments could not be sequenced due to the low efficiency of the approach adopted. Single-run, direct sequencing without cloning allows a more rapid survey of band identity, although with a higher percentage of sequencing failures with respect to cloned PCR products.
Beside the well-established, fundamental role of NO in the activation of an HR (Durner et al. 1998; Delledonne et al. 2003) , the analysis of gene expression profiles in NO-treated Arabidopsis leaves shows that it can influence the transcriptional activity of a wide set of genes, most of which do not appear to be specifically involved in the activation of resistance or cell death. These findings are in agreement with the concept that plant metabolic pathways leading to disease resistance are largely interconnected with several aspects of primary and secondary plant metabolism (Batz et al. 1998; Scheideler et al. 2002) and that NO can act through different mechanisms on a wide set of genes and metabolic processes (Nürnberger and Scheel 2001) .
Previous wide surveys on gene expression also reported a large increase in transcriptional activity during stress or disease-related conditions (Cheong et al. 2002; Desikan et al. 2001; Durrant et al. 2000; Mahalingam et al. 2003; Maleck et al. 2000; Seki et al. 2002 ) and a shift from housekeeping to (Batz et al. 1998; Scheideler et al. 2002) , with various degrees of overlap in response to different stimuli. Homologies for all sequenced NO-modulated cDNA fragments were divided in functional categories and clustered on the basis of their expression profiles (Figs. 3 and 5 ). An important set of NO-modulated transcripts corresponds to proteins that might have a regulatory role as transcription factors or as components of signal transduction cascades (Fig. 3 ). Among these are: i) five kinases, four of which show a rapid increase at 10 min after SNP infiltration, with one not being represented by any EST; NO is known to affect the expression and activity of disease-related kinases , therefore these newly identified NO-modulated kinases might also mediate different NO actions in plants; ii) a homologue to ein3, a gene involved in ethylene perception and transduction (Chang and Stadler 2001) ; NO is known to influence several ethylenedependent processes in the plant life cycle (Leshem et al. 1998) ; iii) ATAF2, a protein belonging to the NAC domain protein family, found so far only in plants and involved in cell damage and death during both infection and wounding (Collinge and Boller 2001) ; iv) a LRR protein; LRR proteins form a large family of proteins with fundamental functions as receptors, including perception of pathogens by plants (Jones and Jones 1997) ; the same transcript was also induced by Alternaria brassicicola but not by SA, MeJA, or ethylene in Arabidopsis plants (Schenk et al. 2000;  (Desikan et al. 2001) (Table 1) . Thus, NO appears to be the only molecule involved in the defense response identified to date to affect the transcription of this LRR gene.
Differentially induced cDNAs corresponding to genes related to defense or cell death represent a small percentage of NO-induced transcriptional changes, at least within the first three hours; J-1,3 glucanase induction by NO was previously reported (Beligni et al. 1997 ). The early induction we observed indicates that NO can activate J-1,3 glucanase transcript accumulation long before the onset of cell death. Other PR proteins, namely PR-1, have been shown to be transcriptionally activated by NO (Durner et al. 1998) . Another enzyme involved in defense whose transcription is strongly activated by NO is cinammate-4-hydroxylase (C4H), a key enzyme in the phenylpropanoid pathway. This pathway starts from PAL, which was also shown to be induced by NO in plants (Durner et al. 1998), leading to the synthesis of phenolic compounds related to defense and to the production of flavonoids via chalcone synthase (CHS), whose transcription is also modulated by NO (Delledonne et al. 1998) . The finding that C4H transcription increases following SNP infiltration further supports the notion that defense responses related to the phenylpropanoid pathway are induced by NO in plants. A gene encoding the stressrelated cysteine protease RD21A (Koizumi et al. 1993 ) was induced by NO at 10 min after treatment. Caspases, cysteine proteases specific for target sites containing aspartate residues, are of crucial importance in mediating apoptosis in animals (Cryns and Yuan 1998) . A caspaselike activity is detectable in hypersensitively reacting cells (del Pozo and Lam 1998) and following treatment with NO donors (Clarke et al. 2000) . Specific caspase inhibitors also suppress HR and NO-induced cell death. Recently, a set of cysteine proteases has been implicated as mediators of pathogen-induced cell death in plants (Lam and del Pozo 2000; Solomon et al. 1999) . The strong induction of RD21A following PCD-related treatments in vitro indicates a likely involvement in cell death activation in plants (Swidzinski et al. 2002) .
Another set of genes differentially expressed in SNP-treated Arabidopsis leaves is related to ROS generation and removal. The activation of genes corresponding to protective enzymes, such as glutathione-S-transferase and glutathione peroxidase, is consistent with known events occurring during the cell death process induced by NO and ROS or by avirulent pathogens (Lamb and Dixon 1997; Van Camp et al. 1998) . A cDNA corresponding to fructose 1-6 bisphosphatase (FBF), one of the major targets of the thioredoxin system, also showed an increased expression after treatment with SNP. A FBF gene was reported to be differentially expressed in SA-treated Arabidopsis leaves (Schenk et al. 2000) (Table 3 ) and in apoptosis-resistant lymphoma B cells in response to ionizing radiation (Voehringer et al. 2000) . Its expression can lead to an increase in total cellular glutathione (Voehringer et al. 2000) , and it is, thus, assumed to participate in the antioxidant machinery during cell death.
A pool of genes whose transcription is influenced by NO is involved in the photosynthetic process, both in light perception and in energy transfer (Fig. 3) . Their activation is consistent with known or hypothesized effects of NO on mitochondrion and chloroplast activity (Saviani et al. 2002; Takahashi and Yamasaki 2002) . Interconnections between the light transduc- tion apparatus and components of the resistance response to pathogens have already been shown (Genoud et al. 1998 ). Moreover, a synergistic action of phytochrome signaling in SA induction of PR-1a gene expression has recently been reported (Genoud et al. 2002) .
Other cDNAs isolated in response to NO treatment correspond to genes involved in cellular trafficking, which can also be involved in the stress response; syntaxin, in particular, has been implicated in the machinery regulating apoptosis in animals (Roperch et al. 1999) . However, about 30% of the identified cDNAs are not easily allocated in any of the preceding categories and are related to basic cellular functions (Fig. 4) . Among these genes, we found that NO also triggers the activation of two ubiquitin conjugating enzymes, namely UBC 10 and Ahus5. Although they are considered housekeeping genes, connections between ubiquitylation and the HR or programmed cell death have already been reported (Bachmair et al. 1990; Karrer et al. 1998) . Transcriptional induction of UBC10 in Arabidopsis was recently detected following treatment with SA, MeJa, or ethylene and during the incompatible interaction with Alternaria brassicicola (Schenk et al. 2000) (Table 3) . Finally, a putative metallo proteinase was induced by SNP treatment. This class of enzymes is not well known in plants but may have a role in plant cell death, as demonstrated for their mammalian counterparts (Beers et al. 2000) .
The last group of sequences includes Arabidopsis unclassified proteins, which represent a large proportion (29.6%) of NO-modulated transcripts. Among these, there are few that are expected to play a role in signal transduction on the basis of their automatically derived characteristics (Table 4) .
The gene expression patterns produced by cDNA-AFLP analysis have been demonstrated to be equivalent to results obtained by Northern analysis (Bachem et al. 1996; Breyne et al. 2003) . Expression profiles of replicate amplifications are highly comparable, with Person correlation coefficients between 0.80 and 0.90 (Breyne et al. 2003) . These findings were also confirmed by RT-PCR experiments on selected cDNA fragments, which reproducibly showed them to be modulated by NO.
Comparison with microarray results from public databases and from published microarray analyses revealed that most NO-modulated genes are also affected in other stress-related conditions or in response to pathogens. However, many NOmodulated genes are absent from the EST-based microarray sources considered, namely the Stanford Microarray Database, and thus, they would not have been identified by this approach. It is interesting to note that, at the time of this analysis, 10% of the NO-modulated genes were not present in the EST database of Arabidopsis. Although at the time this manuscript was submitted only one differentially expressed cDNA was still not represented by any known EST in databases, the fact that most of the published or publicly available microarray analyses are carried out using sets of EST clones suggests that transcript profiling based on cDNA-AFLP analysis still represents today one of the best tools for fine gene discovery in species for which genome-wide arrays are not yet available.
Some of the identified NO-modulated genes will be the object of future research, designed to assess their possible functional role in resistance or cell death and to further elucidate the role of NO in plant resistance to pathogens.
MATERIALS AND METHODS
Cultivation and treatment of Arabidopsis plants.
Arabidopsis thaliana accession Columbia (Col-0) were grown in autoclaved potting mixture up to the stage of 10 to 12 true leaves in a growing chamber at 21°C during the day and 16°C during the night, with a photoperiod of 8 h to delay flowering. Plants were divided into two lots (15 plants each), and eight leaves per plant were fully infiltrated with either 1 mM SNP or distilled water, using a syringe with a 30G needle. Infiltrated leaves were collected at different times after treatment, i.e., 10 min, 1 h, and 3 h. Each sample of 40 leaves was collected and immediately frozen in liquid nitrogen. The experiment was repeated twice, and all similarly treated leaves were pooled. This leaf tissue was used for RNA preparation and cDNA-AFLP reactions. To follow the onset of cell death, an additional lot of plants was also infiltrated with SNP but not collected.
RNA separation and cDNA-AFLP procedure.
Total RNA was extracted from all samples according to Verwoerd and associates (1989) . Poly(A) + RNA was isolated using oligotex columns (Qiagen, Hilden, Germany). Synthesis of double-strand cDNA was performed using the Superscript II reverse transcription kit (Invitrogen, Carlsbad, CA, U.S.A.), according to the manufacturer's instructions. The cDNA-AFLP technique was performed as described by Breyne and associates (2002) . Briefly, mRNA was retrotranscribed, using a biotinylated oligo-dT primer. After cDNA digestion with BstYI, the 3 ends were captured on streptavidin magnetic beads (Dynal, Oslo, Norway). Digestion with MseI released the fragments that were amplified in the next steps. Adapters were ligated at each end of the restriction fragments. After a nonselective preamplification of the mixture, 32 selective amplifications were carried out with fluorescent labeling of the BstYI primer and one more selective nucleotide on each primer (+1,+1). Selective amplifications were separated on 6% polyacrylamide gel in a 33 × 61 cm vertical electrophoresis apparatus (Genomyx, Foster City, CA, U.S.A.) by running for 3 h at 2,700 V, 150 W at 50C. The gel image was acquired by a gel scanner apparatus (Genomyx) and was elaborated with the "Acquire" software (Beckman Coulter, Inc., Fullerton, CA, U.S.A.). Bands showing a marked variation in intensity in SNP-treated samples in comparison with the controls were excised from the gel, using a virtual grid (Genomyx) superimposed to the gel image for precise location of the band in the gel. The cDNAs were eluted from the bands in 100 µl of sterile distilled water, and an aliquot of 5 µl was used as a template for reamplification using nonlabeled primers identical to those employed for selective AFLP amplification. PCR products were purified with Centricon columns (Millipore, Bedford, MA, U.S.A.) and were subjected to direct sequencing without previous cloning. Sequence reactions were performed by the dideoxy termination method (Sanger et al. 1977) .
Sequence homology and microarray comparisons.
Search for sequence homology was performed, using the TAIR and GenBank databases with the BLAST program (Altschul et al. 1997 ). The MIPS database was used to prepare a list of the full-length sequences for all the NO-modulated cDNAs. Full-length sequences were used to retrieve all the EST and the corresponding identification numbers from the TAIR database.
RT-PCR analysis.
RT-PCR was carried out on the same RNA used in the cDNA-AFLP experiments. First-strand cDNA, prepared by using Superscript RT (Invitrogen), was amplified with specific primers (20 to 25 bp long) designed on each full-length cDNA sequence. Primers specific for Arabidopsis actin were used for normalization of the reaction.
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